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1	 Nitrous oxide (N2O) has traditionally been used as an anaesthetic.

		 It is produced by the thermal decomposition of ammonium nitrate in a continuous 
process.

	 NH4NO3  →  N2O  +  2H2O

	 (a)	 (i)	 Define continuous process.

[2]

	 	 (ii)	 State one way in which a continuous process reduces costs compared to  
a batch process.

[1]

	 (b)	 Calculate the relative formula mass of:

	 	 (i)	 NH4NO3

                [1]

		  (ii)	 N2O

                [1]
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		  (iii)	Calculate the mass, in kilograms, of ammonium nitrate needed to make 
143 kg of nitrous oxide.

			   Show your working.

              kg  [2]

		  (iv)	Calculate the percentage yield of nitrous oxide achieved if only 109 kg of it is 
formed instead of the expected 143 kg.

			   Give your answer to one decimal place.

              %  [1]

		  (v)	 Suggest one reason why the yield is not 100%.

[1]

	 (c)	 A new chemical manufacturing plant is to be built to produce large volumes of 
nitrous oxide.

		  Suggest one way that the building of this new plant could benefit the community.

[1]
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2	 Chemical reactions can be exothermic or endothermic.

	 (a)	 (i)	 Using the axes below, construct a reaction profile diagram for an 
endothermic reaction.

			   You must label:
			   	 both axes
			   	 reactants and products
			   	 activation energy (EA)

			 
[4]

		  (ii)	 Explain how the reaction profile diagram you have drawn shows that the 
reaction is endothermic.

[1]

		  (iii)	Define activation energy.

[2]
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	 (b)	 The curve below shows the distribution of energies that gaseous molecules 
possess during a reaction. 

		  M is the number of molecules with the most common energy and EA is the 
activation energy.

			 

number of
molecules

M

EA energy

Source: Principal Examiner

		  (i)	 What is the name given to this type of curve?

[1]

		  (ii)	 The temperature of the gas is increased.

			   What is the effect on EA and M?

			   Tick () the correct box.

EA M effect

decrease increase

decrease decrease

constant increase

constant decrease

[1]

		  (iii)	On the curve above, shade the area that represents the number of 
molecules that can successfully react. � [1]
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		  (iv)	The diagrams below labelled A, B, C and D show a dashed curve for the 
distribution of energies that gaseous molecules possess at 400 K for four 
different reactions.

			   Which of the diagrams (A, B, C or D) correctly shows a solid curve which 
represents the distribution of energies that gaseous molecules possess at 
250 K for that reaction?
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diagram                 [1]
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3	 A chemist decides to carry out an experiment to determine the rate of a reaction 
between calcium carbonate pieces and excess nitric acid.

	 During this reaction a gas is produced and collected.

	 Describe how you would use a gas syringe to follow this reaction. 

	 Explain how the results collected could be used to determine the rate of the reaction. 

	 Quality of written communication will be assessed in this question.

[6]
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4	 Sulfuric acid is manufactured in the Contact process.
	 The second stage in this process involves passing sulfur dioxide and oxygen over a 

heated catalyst to produce sulfur trioxide.

	 2SO2(g)  +  O2(g)  ⇌  2SO3(g)    ∆H  =  -196 kJ mol-1

	 (a)	 (i)	 Define the term catalyst.

[2]

		  (ii)	 Name the catalyst used in the Contact process.

[1]

	 	 (iii)	State one direct cost involved in this process.

[1]

	 (b)	 The yield of sulfur trioxide obtained in this dynamic equilibrium can be improved 
by changing some of the conditions.

	 	 (i)	 Define dynamic equilibrium.

[2]
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		  (ii) 	Using your knowledge of equilibrium, state and explain what would happen 
to the yield of sulfur trioxide obtained in this reaction if the temperature is 
increased or the pressure is increased.

			   All other conditions remain the same.

	 	 	 Increasing the temperature

			   Effect on yield

			   Explanation

	 		  Increasing the pressure

			   Effect on yield

			   Explanation

[4]

		  (iii)	State one disadvantage of using high pressures in industry.

[1]

	 (c)	 Sulfur trioxide reacts with water to produce sulfuric acid.

		  Write a balanced symbol equation for this reaction.

[2]
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5	 The enthalpy of combustion of a liquid fuel can be determined experimentally by 
burning the fuel in a spirit burner. 

	 The energy released is used to raise the temperature of a known mass of water.

	 (a)	 State all the equipment needed to determine the enthalpy of combustion  
of ethanol.

[3]

	 (b)	 The results obtained from this experiment are shown below.

Mass of water 150.00 g

Mass of spirit burner and ethanol at start 62.09 g

Mass of spirit burner and ethanol at end 60.94 g

Temperature of water at start 22°C

Temperature of water at end 43°C

	 	 (i)	 Calculate the temperature change of the water in this experiment.

                °C  [1]

		  (ii)	 Write the equation used to calculate the energy transferred to the water in 
this experiment.

                                              [1]
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	 	 (iii)	Calculate the energy transferred to the water in this experiment.
			   The specific heat capacity of water is 4.2 Jg-1°C-1.

			   Show your working.

			   Include units in your answer.

              

unit =               [3]

	 	 (iv)	Calculate the number of moles of ethanol burned in this experiment. 	
			   The relative formula mass of ethanol is 46.

			   Show your working.

               moles  [2]
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		  (v)	 Use the answers to parts (iii) and (iv) to calculate the experimentally 
determined value for the enthalpy of combustion of one mole of ethanol.

			   Show your working.

			   Include units in your answer.

              

unit =               [3]

		  (vi)	State one source of error when experimentally determining the enthalpy of 
combustion of ethanol and explain how this source of error could be reduced.

			   Source of error

			   How error could be reduced

[2]
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	 (c)	 (i)	 Calculate the theoretical enthalpy of combustion for ethanol using a  
Hess Cycle.

			   The equation for the reaction and enthalpy of formation data is given below. 

			   Show your working.

			   C2H5OH  +  3O2  →  2CO2  +  3H2O

C2H5OH O2 CO2 H2O

Enthalpy of formation /kJ mol-1 -278 0 -394 -286

              kJ mol-1  [3]

	 	 (ii)	 Suggest why the enthalpy of formation of oxygen is zero.

[1]
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6	 A lab technician carried out a titration to determine the molarity of a solution of 
ethanoic acid (CH3COOH) using a standard solution of sodium hydroxide (NaOH).

	 (a)	 Calculate the concentration of the standard solution formed when 24.0 g of 
sodium hydroxide is dissolved in 500 cm3 of water.

		  Show your working.

              mol dm-3  [3]

	 (b)	 Describe how the technician accurately prepared 500 cm3 of the standard 
sodium hydroxide solution.

[6]
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	 (c)	 Draw and label a diagram of the assembled apparatus used to titrate 25.0 cm3 of 
ethanoic acid solution with the standard solution of sodium hydroxide.

		  Clearly indicate the location of each solution in your diagram.

[3]

	 (d)	 Suggest which one of the following curves, A, B or C, best represents the 
titration between ethanoic acid and sodium hydroxide.
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	 (e)	 State a suitable indicator for the titration between ethanoic acid and sodium 
hydroxide, and state the colour change at the end point.

		  Indicator                                         

		  Colour change 

		  from                                  to                                   [3]

THIS IS THE END OF THE QUESTION PAPER
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* 58–71    Lanthanum series
† 90–103  Actinium series

a = relative atomic mass (approx)
x = atomic symbol
b = atomic number
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